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Amag: D vitamini eksikligi diyabetik hastalarda stk goriil-
mekte ve ¢aligmalarda ndropatiye yol agabilecegi gosteril-
mistir. Bu c¢aligmada diyabetik hastalarda otonom
ndropatinin bir bileseni olan ortostatik hipotansiyon (OH)
ile 25-hidroksivitamin D (25(OH)D) seviyesi arasindaki
iliskiyi belirlemeyi amagladik.

Materyal ve Metot: Calismaya 50-65 yas arasi diyabetik
toplam 118 hasta dahil edildi. Hastalar OH varligina gore
iki gruba ayrildi. 25(OH)D ve diger degisken parametreler
bu iki grup arasinda degerlendirildi.

Bulgular: Bu kesitsel c¢alismaya 66 kadin ve 52 erkek
olmak iizere toplam 118 hasta dahil edildi. Hastalarin yas
ortalamasi 56,2+3,2 yil idi. 25(OH)D diizeyleri OH olan
grupta anlamli olarak daha diisiik bulundu (p <0,026). 25
(OH)D diizeyi ile OH arasindaki iliskiyi incelemek igin
yas ve cinsiyete gore ayarlanmig regresyon analizi yapildi.
Tek degiskenli ve ¢ok degiskenli analizlerde 25(OH)D'nin
OH varligimi 6ngdrmedigi bulundu (p >0,05).

Sonu¢: OH'li diyabetik hastalarda 25(OH)D diizeyleri
anlamli olarak daha diisiiktiir. Aralarinda bagimsiz bir
iliski gosterilemese de OH tedavisinde D vitamini eksikli-
ginin diizeltilmesinin faydali olacag diisiiniilebilir.
Anahtar Kelimeler: D vitamini eksikligi, ortostatik hipo-
tansiyon, tip 2 diabetes mellitus

ABSTRACT

Objective: Vitamin D deficiency is common in diabetic
patients, and studies showed that it could lead to neuropa-
thy. Therefore, we aimed to determine relationship be-
tween 25-hydroxyvitamin D (25(OH)D) levels and or-
thostatic hypotension (OH) which is a component of auto-
nomic neuropathy in diabetic patients.

Materials and Methods: A total of 118 patients with
Type 2 diabetes mellitus and aged 50-65 years were in-
cluded. Patients were divided into two groups as OH pre-
sent and OH not present. 25(OH)D and other variable
parameters were evaluated between these two groups.
Results: A total of 118 patients, 66 female and 52 male,
were included in this cross-sectional study. The mean age
of the patients was 56.2+3.2 years. 25(OH)D levels were
found to be significantly lower in the group with OH
(p<0.026). Age and sex-adjusted regression analysis were
performed to examine the relationship between 25(OH)D
level and OH. It was found that 25(OH)D didn’t predict
the presence of OH in the univariate and multivariate
analyses (p >0.05).

Conclusion: 25(OH)D levels are significantly lower in
diabetic patients with OH. Although an independent rela-
tionship between them has not been demonstrated, it can
be thought that correcting Vitamin D deficiency will be
beneficial in the treatment of OH.

Keywords: Orthostatic hypotension, type 2 diabetes melli-
tus, vitamin D deficiency
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INTRODUCTION

Autonomic neuropathy is one of the most frequent
complications of type 2 diabetes mellitus. Although
it has a negative influence on the quality of life and
survival, it may be unnoticed. The primary mecha-
nism of neuropathy is oxidative stress and the for-
mation of toxic glycosylation products, which leads
to neuronal malfunction.! Orthostatic hypotension
(OH) is a common symptom of diabetic neuropathy.
OH, is a clinical syndrome of exaggerated transient
orthostasis and is defined as a decrease of >20
mmHg in systolic blood pressure (SBP) and/or>10
mmHg in diastolic blood pressure (DBP) within 3
minutes of active standing. The most frequent symp-
toms are dizziness, blackout, presyncope, and syn-
cope. Also, fractures, hemorrhages, and other catas-
trophic injuries can be caused by OH. Therefore,
diagnosis, prevention, and treatment are critical in
patients.

Vitamin D deficiency, which is common in diabet-
ics, has been shown to reduce insulin sensitivity,
deteriorate beta cell activities, and promote systemic
inflammation, contributing to the development of
type 2 diabetes mellitus.* 25(OH)D is also a neuro-
active hormone that controls the sympathetic and
parasympathetic nervous systems.
concluded that Vitamin D deficiency might be asso-
ciated with autonomic neuropathy.*® Since treatment
options for OH are limited, it may be crucial to es-
tablish the link between OH and 25(OH)D defi-
ciency. 25(OH)D replacement therapy, a simple and
affordable therapeutic option, might be a potential

Recent studies

treatment option for OH.

It is known that OH is more frequently seen in older
patients. Studies on the relationship between 25(OH)
D and OH were similarly conducted with patients 65
years and older.® There are no similar studies in the
lower age. Therefore, this study aimed to reveal the
relationship between OH and 25(OH)D deficiency in
pre-geriatric patients with diabetes.

MATERIALS AND METHODS

Ethical Status: FEthical approval was obtained by
Istanbul Medipol University Clinical Research Eth-
ics Committee (Date:21/01/2021, decision no:101),
and it was carried out in accordance with the Hel-
sinki Declaration principles. For the present study,
all patients were informed about the purpose and
procedure, and written informed consent was ob-
tained.

For the power analysis, the study of Annweiler et al®
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was taken as reference. Considering the association
between 25(0OH)D concentration and change in dia-
stolic blood pressure being B = 0.07, P = 0.046, the
sample size per group was calculated as minimum
29, with a Type 1 error of 0.05 and the strength of the
study being 80%. With a 20% loss, a total of 118
patients were incorporated in the study.

The present study is a cross-sectional study. A total
of 118 patients (66: female, 52: male) with diabetes
(at least five years) patients with poor glucose regula-
tion (Hbalc>7%) and aged 50-65 years, who applied
to the outpatient clinic between January and June
2021, were included in the study. Under 50 or over
65, type 1 diabetes mellitus, hypo-hyperthyroidism
or hyperparathyroidism, use of drugs that may
change serum 25(OH)D levels (such as vitamin D,
bisphosphonates, corticosteroid, anticonvulsant, es-
trogen) or dietary supplements, and body mass in-
dex> 30 kg / m2 were not included. Also, patients
with additional chronic disease that may cause neu-
ropathy (malignancy, myopathy, stroke, cardiovas-
cular disease, infection, etc.) and patients with to-
bacco and alcohol consumption were excluded from
the study since these substances might cause neu-
ropathy.

Biochemical blood tests of all patients were ana-
lyzed. Blood samples were taken from the patients,
then they were analyzed in the same laboratory.
Plasma glucose by the enzymatic test method, glyco-
sylated hemoglobin by HPLC method were meas-
ured with Architect plus device. The serum sample
taken to measure the 25(OH)D levels of the patients
were centrifuged at 3500 rpm for 15 minutes and
then measured by electrochemiluminescence
method. 25(OH)D was measured using the IDS-
iSYS, Immunodiagnostic Systems device with an
intra and inter test coefficient of variation of 3.0%
and 3.3%, respectively. The serum 25(OH)D detec-
tion limit was 2 ng / ml. According to their 25(OH)D
levels patients were divided into 4 groups: Extreme
deficiency (<10 ng/ml), deficiency (between <20
and >10 ng/ml), inefficiency (between <30 and >20
ng/ml), sufficient (>30 ng/ml)."

Blood pressure was measured with an electronic
device (Omron M2 Basic HEM-7121JE Arm Meter
Digital Sphygmomanometer) in sitting position after
a rest period of more than 5 minutes. Blood pressure
and blood samples of the patients were taken be-
tween 08:00 and 10:00 hours on an empty stomach.
OH is defined as a decrease of >20 mmHg in SBP
and/or >10 mmHg in DBP within 3 minutes of ac-
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tive standing.” Patients were divided into two groups
as OH present and OH not present. 25(OH)D levels
and other variables compared between the two
groups.

Statistical Analysis: SPSS 22.0 program (Statistical
Package for the Social Sciences 22.0, IBM, Armonk,
NY, United States) was used in the analysis of vari-
ables. The suitability of the data to normal distribu-
tion was evaluated using the Shapiro-Wilk Francis
test. The Mann-Whitney- U test was used to com-
pare two independent groups according to quantita-
tive data. Spearman's rho test was used to examine
the correlations of variables. Pearson's chi-square
and Fisher's Exact tests were used to comparing
categorical variables. Variables with clinical rele-
vance were added to the multivariate analysis.
Quantitative variables are indicated as mean + stan-
tables.
(minimum/maximum), while categorical variables
are shown as n (%). Variables were examined at a
95% confidence interval (CI), and p <0.05 was
considered significant.

dard deviation in the And median
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RESULTS

The mean age of the patients was 56.143.2 years, the
mean HbAlc was 8.6+£0.3%, the mean 25(OH)D
level was 20.6+16.6 ng / ml, and the mean duration
of diabetes was 7.9 years. While 33 of the patients
(28%) met the OH criterion, 85 patients (72%) did
not meet the criteria for OH. The demographic data,
biochemical and clinical parameters, of the patients
are shown in Table 1.

When we evaluate the OH status according to gen-
der, while 30.3% of women had orthostatic hypoten-
sion, 25% of men had orthostatic hypotension. The
difference in ratio between the groups was not statis-
tically significant (Yates
p>0.05) (Table 2).

Patients were divided into four groups according to
their 25(OH)D levels and compared in terms of OH.
No statistically significant difference was found be-
tween the presence of OH and 25(OH)D groups
(Table 3).

Continuity correction

Table 1. Demographic data, clinical and biochemical parameters of the patients.

Parameter Mean = Sd Median Minimum | Maximum
Age (years) n: 118 56.1243.2 58 50 65
BMI (kg / m2) 26.2+0.6 25.41 24.9 29.1
Systolic Blood Pressure (mmHg) 123.4+13.5 125 100 160
Diastolic Blood Pressure (mmHg) 71.45+£8.9 70 55 110
Vitamin D (ng / ml) 20.68+16.67 14 3 152
HBAI1C (%) 8.66+0.32 8.875 7.8 9.2
Diabetes Duration (years) 7.9+6.1 7 2 21

Sd: Standard Deviation; BMI: Body mass index; HBA1C: Hemoglobin Alc.

Table 2. Evaluation the orthostatic hypotension status according to gender.

Female Male Toplam

n (%) n (%) n (%)
Orthostatic Hypotension Absent 46 (69.7) 39 (75) 85 (72)
Orthostatic Hypotension Present 20 (30.3) 13 (25) 33 (28)

Table 3. Percentage distribution of patients according to vitamin D levels and the presence of orthostatic hy-

potension.
Orthostatic Hy- Orthostatic Hy- All patients P
potension Absent potension Present n (%)
n (%) n (%)
Severe Vitamin D Deficiency 18 (22.1) 13 (39.4) 31 (26.3) 0.058
Vitamin D Deficiency 32 (37.6) 11 (33.3) 43 (36.4) 0.664
Vitamin D Inefficiency 15 (17.6) 5(15.2) 20 (16.9) 0.756
Vitamin D Sufficiency 20 (23.5) 4(12.1) 24 (20.3) 0.169
Total 85 (100) 33 (100) 118 (100)

Ki-Kare p:0,197.
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When the 25(OH)D levels are examined by gender,
only 10 female and 14 male patients had sufficient
25(OH)D levels. Although severe vitamin D defi-
ciency was more common in female patients, this
was not statistically significant. Also, there was no
statistically significant difference in 25(OH)D
groups by gender (Yates Continuity correction
p>0.05) (Table 4).

When the 25(OH)D level was compared in the group
with and without OH, while the median 25(OH)D
level was 17 ng/ml in the group with OH, it was 13
ng/ml in the group without OH. This difference be-
tween groups was statistically significant (p <0.026)
(Table 5).

DISCUSSION AND CONCLUSION

This study found that 25(OH)D levels are signifi-
cantly lower in patients with OH. However, 25(OH)
D is not an independent predictor of OH.

The prevalence of diabetic autonomic neuropathy
ranges between 25% and 75% in diabetic patients.™"!
Several studies showed that autonomic neuropathy
could be found in newly diagnosed diabetics and
even prediabetics, but the risk increases with the
duration of diabetes.'*"? Diabetes-related neuropathy
is caused by the complex interactions of glycemic
control, disease duration, blood pressure, and aging-
related neuronal loss.'* Hyperglycemia induces oxi-
dative injury to the tiny arteries that supply these
peripheral neurons by increasing mitochondrial syn-
thesis of free oxygen radicals.'

The risk of all-cause neuropathy rises with age. The
studies on OH in the literature has frequently been
conducted on older patients >65 years of age.'”"’
The age range was restricted, and patients <65 were
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included in our study. Our study may be novel in
examining the relationship between OH and 25(OH)
D in the younger age group.

25(0OH)D deficiency is widespread in our country.
25(OH)D inefficiency was 66% and deficiency 24%
in a large-scale study with the Turkish population.'®
In another study conducted in our country on 294
diabetic patients, vitamin D deficiency was found in
47.9% of patients and vitamin D insufficiency was
found in 32.9% of patients.'® Only 20.3% of the pa-
tients had sufficient 25(OH)D levels in our study,
which indicates that 25(OH)D deficiency is still
prevalent in our society and should be closely moni-
tored and treated. Gender differences in the preva-
lence of 25(OH)D are controversial.”’*! The mean
25(OH)D level of female patients was significantly
lower than males’ patients in our study.

The notion that autonomic neuropathy is a common
complication of diabetes, and 25(OH)D deficiency is
frequently associated with diabetes; we hypothesized
that there might be a link between OH and 25(OH)D
deficiency. Two central mechanisms explain 25(OH)
D's potential effect on blood pressure control and
intravascular volume. 25(OH)D regulates the renin-
angiotensin-aldosterone system. The 25(OH)D re-
ceptor can also be found in cardiomyocytes and vas-
cular endothelial cells.”** Its deficiency has been
linked to endothelial dysfunction, which may have
an impact on the vasopressor response. There is also
evidence that 25(OH)D supplementation promotes
vascular regeneration. The possible reasons why the
relationship between 25(OH)D and OH could not be
revealed in our study can be classified as; different
reasons, and the number of affecting factors for the
occurrence of OH, the relatively younger patients

Table 4. Evaluation vitamin D levels the according to gender.

Female Male All patients P

n (%) n (%) n (%)
Severe Vitamin D Deficiency 22 (33.3) 9(17.3) 31(26.3) 0.051
Vitamin D Deficiency 26 (39.4) 17 (32.7) 43 (36.4) 0.455
Vitamin D Inefficiency 8 (12.1) 12 (23.1) 20 (16.9) 0.115
Vitamin D Sufficiency 10 (15.2) 14 (26.9) 24 (20.3) 0.119
Total 66 (100) 52 (100) 118 (100)

Table 5. Comparison of vitamin D levels of patients with and without orthostatic hypotension.

Orthostatic Hypotension Vitamin D levels
Mean + Standard | Median (Minimum - | p Value
Deviation Maximum)
Orthostatic Hypotension Absent 22.3+17.9 17 (3.9-122) 0.026*
Orthostatic Hypotension Present 16.5+12.4 13 (3-55.93)
All patients 20.7+16.6 16.7 (3-122)

*: Mann Whitney U Test..
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age, the small sample size of the study and the re-
gression analysis with all three groups with low 25
(OH)D levels (extreme deficiency, deficiency, and
inefficiency).

OH, is more common in the elderly. This is because
adaptive mechanisms such as increased heart rate
and vascular resistance cannot be activated and are
insufficient to compensate for the blood pressure
drop caused by standing upright. In a large-scale
meta-analysis, it was revealed that the frequency of
OH was significantly higher in those with 25(OH)D
deficiency. Moreover, it was shown that this rela-
tionship continued after confounding factors affect-
ing OH were adjusted.”* However, it has been ob-
served that this relationship becomes significant
when 25(OH)D levels fall below a certain level.
Therefore, a study with only the patients with ex-
treme 25(OH)D deficiency may be significant in
terms of OH.

OH, might be symptomatic or asymptomatic. Al-
though it can happen at any time, it is more common
in the morning.> Therefore, we evaluated the pres-
ence of OH in the morning hours. Treatment is both
non-pharmacological and pharmacological. Non-
pharmacological treatments are patient education
and correct posture change, activity, exercise, diet
recommendations, salt balancing, adequate water
intake, and the use of compression stockings. Phar-
macological therapy based on intravascular volume
expansion with vasopressor drugs such as fludrocor-
tisone and midodrine is used when
pharmacological approaches fail.***® OH was more
common in both the deficient and non-deficient

non-

groups in our study. This could be because the en-
tire group studied in our study was diabetic, and 25
(OH)D deficiency affects diabetic patients who al-
ready have a proclivity for neuropathy. The present
study had some limitations. Firstly, the study was a
cross-sectional study. Therefore, we could not estab-
lish a causal relationship between OH and 25(OH)D
deficiency. Secondly, the patients' vitamin D levels,
and blood pressure measurements were evaluated at
a single time point. Thirdly, our study was a single
center study, so our results may not be representa-
tive of all patients with diabetes mellitus. Despite
these limitations, our study is important and valuable
in raising awareness of OH and 25(OH)D deficiency
in diabetic patients.

In conclusion; 25(OH)D levels are significantly
lower in diabetic patients with OH. 25(OH)D defi-
ciency may play an etiological role in the develop-
ment of OH. OH, is common not only in the elderly
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population but also in younger patient populations
with risk factors and should not be overlooked. Al-
though an independent relationship between them
has not been demonstrated, it can be thought that
correcting 25(OH)D deficiency will be beneficial in
the treatment of OH. However, larger, prospective
studies are needed.
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